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Ac acetyl m meta 
Ar aryl Me methyl 
Bu butyl NMP N-methylpyrrolidone 
Bn benzyl Nu nucleophile 
cat. catalyst, catalytic amount(s) n normal 
cod 1,5-cyclooctadiene NMR nuclear magnetic resonance 
Cy cyclohexyl nOe nuclear Overhauser effect 
DCE dichloroethane ORTEP Oak Ridge Thermal Ellipsoid 
Plot 
DCM dichloromthane o ortho 
decomp. decomposed p para 
DMF N,N-dimethylformamide Ph phenyl 
DMA N,N-dimethylacetoamide Pr propyl 
DMSO Dimethyl sulfoxide R an organic group 
E electrophile rt room temperature 
equiv. equivalent(s) recov. recovery 
Et ethyl t tertiary 
h hour(s) Ts p-toluenesulfonyl 
i iso Tf trifluoromethanesulfonyl 
L ligand THF tetrahydrofuran 
M moles per liter TBS tert-butyldimethylsilyl 





































































(Scheme 5, 6)  
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1 CuCl 1 0 6 
2 CuBr 2 0 0 
3 CuBr(PPh3)3 10.5 69 9 
4 CuI 1 11 4 
5 CuOAc 5 0 17 
6 CuCl2 1 0 0 
7 AuCl 3 0 0 
8 PtCl2 3 7 7 
9 AgOTf 1 19 0 
aReaction conditions: 0.4 mmol of substrate (E)-1a, 10 mol% of catalyst, MeCN (0.5 

























































1 CuBr 0 2 0 5 
2 CuBr 10 2 33 11 
3 CuBr 20 4 62 5 
4 CuBr 30 12 71 13 
5 CuBr 40 15 73(70) 9 
6 CuBr 50 17 58 7 
7 CuBr(PPh3)3 0 10.5 69 9 
8 CuBr(PPh3)3 10 17 68 9 
9 CuCl 40 24 62 11 
10 CuI 40 9 66 8 
11 CuOAc 40 17 21 27 
aReaction conditions: 0.4 mmol of substrate (E)-1a, 10 mol% of catalyst, MeCN (0.5 
M), 100 °C. bThe yields were determined by 1H NMR using CH2Br2 as an internal 
standard. Isolated yield in parenthese. 
 
1a
(Table 2)  
















1 PPh3 15 73 10 
2 P(p-MeOC6H4)3 16 48 4 
3 P(p- F3CC6H4)3 2 17 7 
4 PCy3 2 0 17 
5 P(nBu)3 2 0 0 
6 dppe 21 48 25 
7 dppp 59 33 5 
8 bpy 2 28 12 
aReaction conditions: 0.4 mmol of substrate (E)-1a, 10 mol% of CuBr, MeCN (0.5 M), 







2a (entries 4, 5)
(entries 6, 7)










1 MeCN 15 73 10 
2 toluene 23 46 28 
3 EtOAc 22 51 7 
4 THF 20 46 11 
5 dioxane 20 32 5 
6 DMSO 10 75(70) trace 
7 DMF 18 70 2 
8 DMA 12 60 7 
9 NMP 10 69 2 
aReaction conditions: 0.4 mmol of substrate (E)-1a, 10 mol% of CuBr, solvent (0.5 M), 
100 °C. bThe yields were determined by 1H NMR using CH2Br2 as an internal standard. 
Isolated yield in parenthese. 
 
1a (Table 4)
2a (entries 2, 5)
26 
 
(entries 1, 6, 7, 8, 9)
2a
3a















1 100 CuBr (10), PPh3 (40) 10 75 (70) trace 
2 100 CuBr(PPh3)3 (10), PPh3 (10) 10 75 (70) trace 
3 120 CuBr(PPh3)3 (10), PPh3 (10) 2 75 (70) trace 
4 120 none 2 10c 0 
5 120 PPh3 (40) 2 6
d 0 
6 120 AcOH (10) 2 6e trace 
7 120 TfOH (10) 2 8 trace 
aReaction conditions: 0.4 mmol of substrate (E)-1a, 10 mol% of catalyst, DMSO (0.5 
M). bThe yields were determined by 1H NMR using CH2Br2 as an internal 
standard.Isolated yield in parentheses. c72% recovery of (E)-1a. d28% recovery of 









2a (entries 4, 5)





entry 1 R3 R4 time (h) 2 yield (%)
b 
1 1b H H 5 2b 84 
2 1c H Me 3 2c 64 
3 1d H n-Pr 2 2d 50 
4c 1e Me H 84 2e 71 
5c 1f -(CH2)4- 70 2f 53 
aThe reaction of(E)- 1 (0.4 mmol) in the presence of CuBr(PPh3)3 (10 mol%) and PPh3 
(10 mol%) in DMSO (0.8 mL) at 120 °C. b Isolated yield. c10 mol% of CuBr and 20 















entry 1 R1 time (h) 2 yield (%)
b 
1 1g p-MeOC6H4 6 2g 75 
2 1h p-F3CC6H4 2.5 2h 52 
3 1i H 2.5 2i 80 
4 1j nPr 6 2j 87 
5 1k (CH2)3OTIPS 5 2k 87 
6 1l Cy 9 2l 81 
7 c 1m 
tBu 24 - 0 
aThe reaction of (E)-1 (0.4 mmol) in the presence of CuBr(PPh3)3 (10 mol%) and PPh3 
(10 mol%) in DMSO (0.8 mL) at 120 °C. bIsolated yield. cDecomposition of the starting 

















entry 1 R2 time (h) 2 yield (%)
b 
1 1n p-MeOC6H4 3 2n 86 
2c 1o p-F3CC6H4 1 - 0
 
3d 1p n-Pr 11 2p 47
 
4d 1q Cy 16 2q 44 
a The reaction of (E)-1 (0.4 mmol) in the presence of CuBr(PPh3)3 (10 mol%) and PPh3 
(10 mol%) in DMSO (0.8 mL) at 120 °C.b Isolated yield. c Decomposition of the starting 









































































































1. General information  
2. Analytical data of 1  
3. Analytical data of 2  
4. Analytical data of 4 

















C NMR spectra were recorded on a JEOL JNM -500 (500 MHz for 
1
H and 125 
MHz for 
13
C) spectrometer and JEOL ECA-600 (600 MHz for 
1
H and 150 MHz for 
13
C) 
spectrometer. Chemical shifts are reported in ppm relative to TMS (for 
1
H, δ 0.00), and 
CDCl3 (for 
13
C, δ 77.00). 
1
H NMR data are reported as follows: chemical shift, integration, 
multiplicity (s = singlet, d = doublet, t = triplet, dd = doublet of doublets, td = triplet of 
doublets, q = quartet, quint = quintet, sext = sextet, br = broad, m = multiplet) and coupling 
constants (Hz). Infrared spectra were recorded on a JASCO FT/IR-4100 spectrometer. 
High-resolution mass spectra analysis was performed on a Bruker Daltonics APEX III 
FT-ICR-MS spectrometer at the Instrumental Analysis Center for Chemistry, Graduate 
School of Science, Tohoku University. X-ray crystallographic data was obtained by Rigaku / 
MSC Saturn Cu-CCD device at the Instrumental Analysis Center for Chemistry, Graduate 
School of Science, Tohoku University. Flash column chromatography was performed with 
Kanto Chemical silica gel 60N (spherical, neutral, 40-50 μm). Analytical thin layer 
chromatography (TLC) was performed on Merck precoated TLC plates (silica gel 60 F254). 
All reactions were carried out under Argon atmosphere. CuBr(PPh3)3 was prepared according 
to procedure reported previously.
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H NMR (500 MHz, CDCl3) 6.09 (s, 1H), 6.79 (d, J = 16.0 Hz ,1H), 6.87 (dd, J = 16.0 Hz, 
9.5 Hz, 1H), 7.27-7.44 (m, 11H), 7.50-7.52 (m, 2H), 7.65 (d, J = 3.5 Hz, 2H), 7.97 (d, J = 9.5 
Hz, 1H), 
13
C NMR (125 MHz, CDCl3) 76.07, 86.66, 87.84, 121.82, 122.48, 126.95, 128.00, 
128.20, 128.56, 128.77 (2C), 128.87, 131.93, 135.91, 137.64, 139.20, 151.80. IR (neat) 3060, 
3032, 2893, 2227, 1627, 1598, 1489, 1450, 1300, 1161, 1014, 996, 970, 933 cm
-1
. HRMS 
(ESI) calcd. for (M+Na)
+ 





H NMR (500 MHz CDCl3   δ 6.13 (s, 1H), 6.83 (d, J = 16.0 Hz, 1H), 7.27-7.38 (m, 9H), 
7.40-7.43 (m, 2H), 7.47-7.52 (m, 4H), 7.66 (d, J = 7.0 Hz, 2H). 
13
C NMR (125 MHz, CDCl3) 
76.06, 86.92, 87.65, 116.52, 122.54, 127.58, 127.97, 128.19, 128.51, 128.53, 128.64, 128.73, 
129.36, 131.96, 135.71, 137.96, 140.45, 149.09. IR (neat) 3060, 3030, 2895, 2228, 1624, 
1598, 1489, 1449, 1342, 1294, 1136, 1071, 1091, 996, 970, 920, 889 cm
-1
. HRMS (ESI) calcd. 
for (M+Na)
+ 












H NMR (500 MHz   D l3  δ 5 54 (d  J = 18.0 Hz, 1H), 5.57 (d, J = 11.0 Hz, 1H), 6.05 (s, 
1H), 6.46 (m, 1H), 7.28-7.33 (m, 3H), 7.34-7.42 (m, 3H), 7.48-7.50 (m, 2H), 7.62 (d, J = 7.0 
Hz, 2H), 7.81 (d, J = 10 0 Hz  1H   13  NMR (125 MHz   D l3  δ 76 01  86 59  87 80  
122.47, 124.60, 127.97, 128.19, 128.53, 128.57, 128.75, 130.60, 131.90, 137.58, 151.81. IR 
(neat) 3062, 3032, 2228, 1597, 1489, 1454, 1443, 1419, 1297, 1275, 1190, 1016, 995, 976, 





H NMR (500 MHz, CDCl3  δ 1 83 (d  J = 6.5 Hz, 3H), 5.99-6.06 (m, 2H), 6.15-6.20 (m, 1H), 
7.27-7.31 (m, 3H), 7.32-7.41 (m, 3H), 7.47-7.50 (m, 2H), 7.60-7.62 (m, 2H), 7.78 (d, J = 9.5 
Hz). 
13
C NMR (125 MHz, CDCl3  δ 18 50  75 70  86 83  87 60  122 55  125 10  127 94  
128.16, 128.49 (2C), 128.64, 131.90, 137.77, 138.06, 151.37. IR (neat) 3032, 2228, 1649, 
1597, 1489, 1453, 1443, 1301, 1277, 1015, 972, 905 cm
-1
. HRMS (ESI) calcd. for (M+Na)
+ 















H NMR (500 MHz, CDCl3  δ 0 90 (t  J = 7.5 Hz, 3H), 1.44 (sext, J = 7.0 Hz, 2H), 1.45 (q, J 
= 7.0 Hz, 2H), 5.99-6.05 (m, 2H), 6.16 (dd, J = 15.5 Hz, 9.5 Hz, 1H), 7.28-7.33 (m, 3H), 
7.34-7.41 (m, 3H), 7.48-7.50 (m, 2H), 7.62 (d. J = 7.5 Hz, 2H), 7.79 (d, J = 9.5 Hz, 1H). 
13
C 
NMR (125 MHz, CDCl3  δ 13 62  21 74  34 84  75 73  86 88  87 62  122 58  123 83  127 96  
128.18, 128.51 (2C), 128.66, 131.92, 137.81, 143.22, 151.88. IR (neat) 3062, 3032, 2959, 
2929, 2871, 2228, 1646, 1598, 1489, 1454, 1443, 1303, 1015, 975, 925 cm
-1
. HRMS (ESI) 
calcd. for (M+Na)
+ 





H NMR (500 MHz, CDCl3  δ 1 93 (s  3H   5 21 (s  1H   5 34 (s  1H   6 08 (s  1H   7 28-7.31 
(m, 3H), 7.34-7.42 (m, 3H), 7.47-7.51 (m, 2H), 7.63 (d, J = 7.0 Hz, 2H), 7.82 (s, 1H). 
13
C 
NMR (125 MHz, CDCl3  δ 17 26  76 01  86 80  87 60  122 24  122 57  128 04  128 20  
128.46, 128.50, 128.67, 131.85, 137.79, 138.85, 152.53. IR (neat) 3391, 3059, 3027, 2921, 
1604, 1562, 1494, 1472, 1452, 1388, 1313, 1229, 1155, 1038, 1014, 846 cm
-1
. HRMS (ESI) 
calcd. for (M+Na)
+ 













H NMR (500 MHz, CDCl3  δ 1 63-1.64 (m, 4H), 2.15 (s, 2H), 2.23-2.32 (m, 2H), 5.97 (s, 
1H), 6.04 (s, 1H), 7.30-7.41 (m, 6H), 7.48-7.50 (m, 2H), 7.63 (d, J = 7.5 Hz, 2H), 7.73 (s, 1H). 
13
C NMR (125 MHz, CDCl3  δ 21 82  22 20  23 48  25 99  75 68  87 07  87 40  122 69  
128.03, 128.17, 128.43 (2C), 128.56, 131.88, 133.01, 136.22, 138.02, 153.16. IR (neat) 3062, 
3032, 2930, 2859, 1638, 1597, 1489, 1452, 1299, 1188, 1018, 939, 906 cm
-1









H NMR (500 MHz, CDCl3  δ 3 80 (s  3H   5 52-5.57 (m, 2H), 6.04 (s, 1H), 6.42-6.50 (m, 
1H), 6.83 (d, J = 9.0 Hz, 2H), 7.34-7.45 (m, 5H), 7.62 (d, J = 7.0 Hz, 2H), 7.81 (d, J = 10.0 
Hz, 1H). 
13
C NMR (125 MHz, CDCl3  δ 55 25  76 12  85 18  87 82  113 82  114 54  124 51  
127.95, 128.50, 128.67, 130.65, 133.41, 137.81, 151.75, 159.81. IR (neat) 2836, 2226, 1605, 
1509, 1455, 1290, 1247, 1172, 1031, 928, 832 cm
-1
















H NMR (500 MHz, CDCl3  δ 5 54-5.60 (m, 2H), 6.06 (s, 1H), 6.42-6.50 (m, 1H), 7.36-7.43 
(m, 3H), 7.56-7.61 (m, 6H), 7.82 (d, J = 10.0 Hz, 1H). 
13
C NMR (150 MHz, CDCl3  δ 75 83  
86.28, 89.18, 123.84 (q, J = 273.0 Hz), 124.89, 125.15 (q, J = 3.8 Hz), 126.27, 127.92, 128.63, 
128.93, 130.31 (q, J = 33.0 Hz), 130.47, 132.14, 137.12, 152.01. IR (neat) 3065, 3034, 2896, 
1615, 1494, 1455, 1404, 1322, 1167, 1127, 1068, 1018, 929, 842 cm
-1









H NMR (500 MHz, CDCl3  δ 2 70-2.71 (m, 1H), 5.52-5.59 (m, 2H), 5.83 (s, 1H), 6.41-6.49 
(m, 1H), 7.34-7.41 (m, 3H), 7.56 (d, J = 7.5 Hz), 7.79 (d, J = 10.0 Hz). 
13
C NMR (125 MHz, 
CDCl3  δ 75 15  75 93  81 29  124 86  127 86  128 53  128 87  130 45  136 79  152 02  IR 
(neat) 3288, 2121, 1495, 1454, 1419, 1269, 1192, 1018, 993, 970, 924 cm
-1
. HRMS (ESI) 
calcd. for (M+Na)
+ 

















H NMR (500 MHz, CDCl3) δ (t, J = 7.5 Hz, 3H), 1.58 (sext, J = 7.5 Hz, 2H), 2.28 (t, J = 7.5 
Hz, 2H), 5.49-5.55 (m, 2H), 5.83 (s, 1H), 6.40-6.48 (m, 1H), 7.31-7.38 (m, 3H), 7.54 (d, J = 
7.5 Hz, 2H), 7.77 (d, J = 9.5 Hz, 1H). 
13
C NMR (125 MHz, CDCl3  δ 13 47  20 92  21 95  
75.83, 77.72, 88.88, 124.29, 127.86, 128.37, 128.49, 130.70, 138.15, 151.54. IR (neat) 3090, 
3064, 3032, 2963, 2933, 2233, 1494, 1454, 1419, 1272, 1137, 991, 932 cm
-1
. HRMS (ESI) 
calcd. for (M+Na)
+ 





H NMR (500 MHz, CDCl3  δ 1.02-1.09 (m, 21H), 1.78 (quint, J = 6.5 Hz, 2H), 2.41-2.44 
(m, 2H), 3.76 (t, J = 6.5 Hz, 2H), 5.50-5.56 (m, 2H), 5.81 (s, 1H), 6.40-6.48 (m, 1H), 
7.31-7.38 (m, 3H), 7.53 (d, J = 6.5 Hz, 2H), 7.77 (d, J = 10.0 Hz, 1H). 
13
C NMR (125 MHz, 
CDCl3  δ 11.94, 15.47, 17.99, 31.72, 61.86, 75.83, 77.70, 88.64, 124.33, 127.84, 128.39, 
128.51, 130.71, 138.13, 151.56. IR (neat) 2941, 2892, 2864, 2232, 1494, 1462, 1383, 1105, 
994, 934, 882 cm
-1
. HRMS (ESI) calcd. for (M+Na)
+ 
















H NMR (500 MHz, CDCl3  δ 1.26-1.36 (m, 3H), 1.48-1.52 (m, 3H), 1.70-1.72 (m, 2H), 
1.81-1.84 (m, 2H), 2.49 (s, 1H), 5.49-5.55 (m, 2H), 5.84 (d, J = 2.0 Hz, 1H), 6.40-6.48 (m, 
1H), 7.31-7.38 (m, 3H). 
13
  NMR (125 MHz   D l3  δ 24 78  25 85  29 19  32 42  32 46  
75.87, 77.47, 93.03, 124.21, 127.92, 128.34, 128.46, 130.73, 138.24, 151.48. IR (neat) 3032, 
2928, 2853, 1495, 1449, 1418, 1292, 1270, 988, 952, 933 cm
-1
. HRMS (ESI) calcd. for 
(M+Na)
+ 





H NMR (500 MHz, CDCl3  δ 1.27 (s, 9H), 5.49-5.55 (m, 2H), 5.82 (s, 1H), 6.40-6.47 (m, 
1H), 7.31-7.38 (m, 3H), 7.54 (d, J = 7.5 Hz, 2H), 7.76 (d, J = 10.0 Hz, 1H). 
13
C NMR (125 
MHz, CDCl3  δ 27.58, 30.85, 75.82, 75.91, 97.10, 124.17, 127.95, 128.34, 128.44, 130.73, 
138.29, 151.43. IR (neat) 2968, 2240, 1494, 1475, 1454, 1419, 1362, 1273, 990, 931 cm
-1
. 
HRMS (ESI) calcd. for (M+Na)
+ 
















H NMR (500 MHz, CDCl3  δ 3.82 (s, 3H), 3.51-3.57 (m, 2H), 6.00 (s, 1H), 6.24-6.50 (m, 
1H), 6.93 (d, J = 8.5 Hz, 2H), 7.30-7.31 (m, 3H), 7.49-7.50 (m, 2H), 7.56 (d, J = 9.0 Hz, 2H), 
7.79 (d, J = 10.0 Hz, 1H). 
13
C NMR (125 MHz, CDCl3  δ 55.29, 75.64, 86.84, 87.59, 113.88, 
122.53, 124.47, 128.18, 128.51, 129.46, 129.74, 130.67, 131.88, 151.67, 159.99 IR (neat) 
2835, 2227, 1610, 1510, 1489, 1461, 1303, 1247, 1172, 975, 923, 829 cm
-1
. HRMS (ESI) 
calcd. for (M+Na)
+ 





H NMR (500 MHz, CDCl3  δ 5.55-5.61 (m, 2H), 6.09 (s, 1H), 6.40-6.48 (m, 1H), 7.28-7.34 
(m, 3H), 7.48-7.51 (m, 2H), 7.66 (d, J = 8.0 Hz, 2H), 7.73 (d. J = 8.0 Hz, 2H), 7.83 (d, J = 
10.0 Hz, 1H). 
13
C NMR (150 MHz, CDCl3  δ 75.15, 85.69, 88.40, 122.07, 124.01 (q, J = 
273.0 Hz), 124.92, 125.09, 125.52 (q, J = 3.8 Hz), 128.16, 128.28, 128.83, 130.34, 130.75 (q, 
J = 33.0 Hz), 131.91, 141.71, 152.18. IR (neat) 3062, 2900, 2230, 1620, 1598, 1490, 1443, 
1417, 1322, 1164, 1123, 1109, 1066, 1018, 925 cm
-1
. HRMS (ESI) calcd. for (M+Na)
+ 













H NMR (500 MHz, CDCl3  δ 0.99 (t, J = 8.0 Hz, 3H), 1.57 (sext, J = 8.0 Hz, 2H), 1.82-1.96 
(m, 2H), 5.00 (t, J = 6.0 Hz, 1H), 5.52-5.57 (m, 2H), 6.43-6.51 (m, 1H), 7.26-7.29 (m, 3H), 
7.44-7.47 (m, 2H), 7.78 (d, J = 10.0 Hz, 1H). 
13
C NMR (125 MHz, CDCl3  δ 13.80, 18.47, 
36.64, 73.97, 85.76, 87.93, 122.73, 124.13, 124.14, 128.13, 128.28, 130.75, 131.84, 151.17. 
IR (neat) 2959, 2873, 1627, 1598, 1489, 1465, 1443, 1419, 1341, 1109, 1062, 1003, 992, 931 
cm
-1
. HRMS (ESI) calcd. for (M+Na)
+ 





H NMR (500 MHz, CDCl3  δ 1.19-1.32 (m, 5H), 1.69 (d, J = 12.0 Hz, 1H), 1.79-1.95 (m, 
5H), 4.81 (d, J = 5.5 Hz, 1H), 5.53 (d, J = 15.0 Hz, 1H), 5.56 (d, J = 8.0 Hz, 1H), 6.43-6.51 
(m, 1H), 7.29-7.30 (m, 3H), 7.45-7.47 (m, 2H), 7.79 (d, J = 10.0 Hz, 1H). 
13
C NMR (125 
MHz, CDCl3  δ 25.84, 25.93, 26.38, 28.09, 28.99, 41.75, 76.75, 86.60, 86.91, 122.84, 124.04, 
128.13, 128.24, 130.79, 131.87, 151.08. IR (neat) 2925, 2852, 2227, 1597, 1489, 1449, 1419, 
1336, 1013, 990, 931 cm
-1
. HRMS (ESI) calcd. for (M+Na)
+ 


















H NMR (500 MHz, CDCl3) δ 3.81 (s, 2H), 6.53-6.55 (m, 2H), 7.01-7.05 (m, 3H), 7.15-7.24 
(m, 5H), 7.34-7.35 (m, 6H), 8.34 (d, J = 7.0 Hz, 1H). 
13
C NMR (125 MHz, CDCl3  δ 35.74, 
125.88, 125.91, 127.98, 128.02, 128.13, 128.50, 128.54, 128.62, 128.79, 129.13, 132.32, 
136.16, 137.74, 138.25, 139.29, 141.11, 150.74. IR (neat) 3057, 3022, 2959, 2925, 2858, 
1728, 1600, 1493, 1445, 1423, 1264, 1119, 1072, 1041, 862 cm
-1
. HRMS (ESI) calcd. for 
(M+Na)
+





H NMR (500 MHz, CDCl3  δ 3.73 (s, 2H), 6.91 (d, J = 7.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 1H), 
7.16-7.29 (m, 6H), 7.42-7.48 (m, 3H), 8.25 (d, J = 6.0 Hz, 1H). 
13
C NMR (125 MHz, CDCl3) 
δ 38.56, 124.02, 126.60, 127.16, 128.56, 128.73, 128.76, 129.03, 129.26, 131.83, 137.99, 
138.59, 139.10, 150.10. IR (neat) 3391, 3061, 3027, 2923, 2853, 1602, 1494, 1467, 1444, 
1418, 1261, 1233, 1075, 1014, 997 cm
-1
. HRMS (ESI) calcd. for (M+Na)
+

















H NMR (500 MHz, CDCl3  δ 2.19 (s, 3H), 3.79 (s, 2H), 6.86 (d, J = 7.5 Hz, 2H), 7.10 (d, J = 
6.5 Hz, 1H), 7.15-7.25 (m, 5H), 7.36-7.39 (m, 3H), 8.24 (d, J = 7.0 Hz, 1H). 
13
C NMR (125 
MHz, CDCl3) δ 19.40, 35.79, 126.15, 126.29, 127.64, 128.52, 128.59, 128.84, 129.01, 132.47, 
136.33, 137.00, 137.68, 138.13, 150.27. IR (neat) 3057, 3027, 1602, 1494, 1438, 1255, 1233, 
1099, 1030, 820 cm
-1
. HRMS (ESI) calcd. for (M+Na)
+





H NMR (500 MHz, CDCl3  δ 0.83 (t, J = 7.5 Hz, 3H), 1.47 (sext, J = 7.5 Hz, 2H), 2.41 (t, J 
= 7.5 Hz, 2H), 3.74 (s, 2H), 6.75 (d, J = 7.0 Hz, 2H), 7.05-7.13 (m, 6H), 7.28 (t, J = 3.5 Hz, 
3H), 8.19 (d, J = 6.0 Hz, 1H). 
13
C NMR (125 MHz, CDCl3  δ 13.82, 22.86, 34.10, 35.11, 
124.88, 126.20, 127.65, 128.39, 128.50, 128.72, 128.94, 132.60, 135.90, 137.74, 138.70, 
141.13, 150.31. IR (neat) 3381, 3059, 3026, 2960, 2870, 1601, 1494, 1446, 1256, 1027 cm
-1
. 
HRMS (ESI) calcd. for (M+Na)
+
















H NMR (500 MHz, CDCl3) δ 2.26 (s, 3H), 3.70 (s, 2H), 6.90-6.92 (m, 3H), 7.17-7.28 (m, 
5H), 7.39-7.46 (m, 3H), 8.13 (s, 1H). 
13
C NMR (125 MHz, CDCl3  δ 18.07, 38.40, 126.49, 
128.48, 128.55, 128.64, 128.67, 128.83, 129.45, 131.85, 134.44, 137.88, 138.18, 138.73, 
147.20. IR (neat) 3393, 3060, 3027, 1604, 1562, 1494, 1471, 1452, 1388, 1312, 1298, 1228, 
1154, 1037, 1013, 844 cm
-1
. HRMS (ESI) calcd. for (M+Na)
+





H NMR (500 MHz, CDCl3) δ 1.76-1.77 (m, 4H), 2.48 (s, 2H), 2.74 (s, 2H), 3.77 (s, 2H), 6.87 
(d, J = 7.5 Hz, 2H), 7.15-7.24 (m, 5H), 7.35-7.36 (m, 3H), 8.14 (s, 1H). 
13
C NMR (125 MHz, 
CDCl3) δ 21.66, 22.39, 26.04, 26.75, 35.15, 126.18, 127.58, 128.49, 128.52, 128.66, 129.23, 
132.71, 134.68, 135.46, 136.58, 137.67, 138.37, 147.82. IR (neat) 3396, 3061, 3027, 2937, 
2861, 1602, 1494, 1461, 1451, 1408, 1357, 1282, 1261, 1204, 1130, 1076, 1034, 975 cm
-1
. 
HRMS (ESI) calcd. for (M+Na)
+


















H NMR (500 MHz, CDCl3  δ 3.76 (s, 2H), 3.85 (s, 3H), 6.93 (d, J = 7.5 Hz, 2H), 6.99 (d, J = 
8.5 Hz, 2H), 7.08 (d, J = 7.5 Hz, 1H), 7.13-7.26 (m, 6H), 8.25 (d, J = 6.0 Hz, 1H). 
13
C NMR 
(125 MHz, CDCl3  δ 38 65  55 25  114 26  123 79  123 88  126 56  127 14  128 55  128 71  
130.68, 137.95, 138.76, 139.29, 149.96, 159.96. IR (neat) 3382, 3060, 3027, 2835, 1610, 
1518, 1494, 1468, 1454, 1422, 1294, 1248, 1233, 1177, 1020, 829 cm
-1
 HRMS (ESI) calcd. 
for (M+Na)
+





H NMR (500 MHz, CDCl3) δ 3.72 (s, 2H), 6.88 (d, J = 7.0 Hz, 2H), 7.15 (d, J = 7.5 Hz, 1H), 
7.18-7.26 (m, 5H), 7.39 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H). 
13
C NMR (150 MHz, 
CDCl3  δ 38.55, 123.87 (q, J = 273.0 Hz), 124.62, 125.75, (q, J = 3.8 Hz), 126.80, 127.44, 
128.59, 128.67, 129.13, 131.09 (q, J = 33.0 Hz), 135.51, 138.11 (2C), 139.01, 148.65. IR 
(neat) 3424, 1417, 1403, 1322, 1253, 1228, 1159, 1126, 1107, 1067, 1009, 841 cm
-1
. HRMS 
(ESI) calcd. for (M+Na)
+

















H NMR (500 MHz, CDCl3  δ 3.93 (s, 2H), 7.09 (d, J = 8.5 Hz, 1H), 7.16-7.20 (m, 3H), 
7.25-7.28 (m, 1H), 7.33 (t, J = 7.5 Hz, 2H), 8.07 (s, 2H).
 13
C NMR (125 MHz, CDCl3  δ 38.67, 
125.52, 126.55, 127.07, 128.88, 128.94, 137.05, 137.73, 139.40, 140.42. IR (neat) 3392, 3060, 
3027, 2919, 1599, 1563, 1494, 1482, 1261, 1156, 1075, 1015, 969 cm
-1
. HRMS (ESI) calcd. 
for (M+Na)
+





H NMR (500 MHz, CDCl3  δ 0.99 (t, J = 7.5 Hz, 3H), 1.60 (sext, J = 7.5 Hz, 2H), 2.94 (t, J 
= 7.5 Hz, 2H), 4.02 (s, 2H), 6.96 (d, J = 8.0 Hz, 1H), 7.03 (t, J = 6.5 Hz, 1H), 7.11 (d, J = 7.0 
Hz, 2H), 7.23-7.26 (m, 1H), 7.30-7.33 (m, 2H), 8.17 (d, J = 6.5 Hz, 1H). 
13
C NMR (125 MHz, 
CDCl3  δ 14.36, 19.14, 29.36, 38.37, 122.29, 126.80, 127.25, 128.65, 128.77, 137.67, 137.92, 
138.36, 152.30. IR (neat) 3400, 2961, 2929, 2870, 1494, 1478, 1454, 1423, 1253, 1201, 1097 
cm
-1
. HRMS (ESI) calcd. for (M+Na)
+



















H NMR (500 MHz, CDCl3) δ 1.04-1.13 (m, 21H), 1.85-1.90 (m, 2H), 3.10 (t, J = 8.0 Hz, 2H), 
3.76 (t, J = 5.5 Hz, 2H), 4.07 (s, 2H), 6.96 (d, J = 8.0 Hz, 1H), 7.03 (t, J = 6.5 Hz, 1H), 7.11 
(d, J = 8.0 Hz, 2H), 7.23 (t, J = 7.5 Hz, 1H), 7.28-7.32 (m, 2H), 8.16 (d, J = 6.5 Hz, 1H). 
13
C 
NMR (125 MHz, CDCl3  δ 11.97, 18.02, 24.27, 28.83, 38.07, 62.93, 122.36, 126.70, 127.22, 
128.68, 128.71, 137.84, 137.95, 138.37, 152.16. IR (neat) 3062, 3028, 2940, 2863, 1462, 
1425, 1382, 1263, 1183, 1101, 996, 882 cm
-1








H NMR (500 MHz, CDCl3  δ 1.10-1.30 (m, 4H), 1.61-1.81 (m, 4H), 2.68 (brs, 2H), 2.88 (brs, 
1H), 4.01 (brs, 2H), 7.02-7.10 (m, 4H), 7.22-7.31 (m, 3H), 8.09 (brs, 1H). 
13
C NMR (125 
MHz, CDCl3  δ 25.16, 25.61, 26.68, 39.81, 41.00, 122.39, 126.72, 128.01, 128.52, 128.70, 
137.60, 138.91, 139.93, 154.49. IR (neat) 2921, 2849, 1602, 1494, 1452, 1423, 1278, 1252, 
1207, 1134, 1015, 894 cm
-1
. HRMS (ESI) calcd. for (M+Na)
+


















H NMR (500 MHz, CDCl3  δ 3.66 (s, 2H), 3.77 (s, 3H), 6.78 (d, J = 8.5 Hz, 2H), 6.83 (d, J = 
8.5 Hz, 2H), 7.08 (d, J = 8.0, 1H), 7.15-7.18 (m, 1H), 7.26-7.30 (m, 2H), 7.42-7.49 (m, 3H), 
8.25 (d. J = 6.0 Hz, 1H). 
13
C NMR (125 MHz, CDCl3  δ 37.70, 55.21, 113.95, 123.99, 127.04, 
128.76, 129.00, 129.27, 129.73, 130.59, 131.88, 137.87, 139.54, 149.93, 158.27. IR (neat) 
3061, 2998, 2953, 2834, 1610, 1585, 1510, 1462, 1440, 1423, 1300, 1261, 1243, 1175, 1032, 
1012 cm
-1
. HRMS (ESI) calcd. for (M+Na)
+





H NMR (500 MHz, CDCl3  δ 0.69 (t, J = 7.5 Hz, 3H), 1.11 (sext, J = 7.5 Hz, 2H), 1.33 
(quint, J = 7.5 Hz, 2H), 2.29 (t, J = 7.5 Hz, 2H), 7.26 (d, J = 7.5 Hz, 2H), 7.36-7.44 (m, 3H), 
8.15 (d, J = 5.5 Hz, 1H). 
13
C NMR (125 MHz, CDCl3) δ 13.55, 22.12, 32.16, 32.37, 123.93, 
126.44, 128.63, 128.82, 129.18, 132.08, 137.47, 140.65, 149.67. IR (neat) 3066, 2953, 2923, 
2866, 1467, 1427, 1272, 1242, 1012, 814 cm
-1




















H NMR (500 MHz, CDCl3) δ 0.71-0.78 (m, 2H), 1.03-1.13 (m, 3H), 1.31- 1.35 (m, 1H), 1.47 
(d, J = 12.5 Hz, 2H), 1.59-1.62 (m, 3H), 2.27 (d, J = 7.5 Hz, 2H), 7.16-7.19 (m, 2H), 7.31 (d, 
J = 7.5 Hz, 2H), 7.43-7.51 (m, 3H), 8.23 (d, J = 5.5 Hz, 1H). 
13
C NMR (125 MHz, CDCl3) δ 
26.05, 26.15, 32.86, 38.64, 40.03, 123.66, 127.10, 128.60, 128.79, 129.40, 132.23, 137.54, 
139.26, 150.12. IR (neat) 3062, 2920, 2847, 1466, 1447, 1418, 1267, 1233, 1014 cm
-1
. HRMS 
(ESI) calcd. for (M+Na)
+


































To a mixture of CuCl (3.96 mg, 0.04 mmol), and oxime (E)-1a (134.8 mg, 0.40 mmol) in 
a pressure vial was added MeCN (0.8 mL) under argon atmosphere and the mixture was 
stirred at 60 °C for 2.5 h. The reaction mixture was passed through a pad of silica gel with 
EtOAc. After removing solvents in vacuo, the residue was purified by flash column 
chromatography (Hexane/ EtOAc = 5/1 as eluent) to give 4a (48.5 mg, 36%).  
 





H NMR (500 MHz, CDCl3  δ 4.83 (d, J = 6.0 Hz, 1H), 6.40 (dd, J = 7.5 Hz, 6.0 Hz, 1H), 
6.77 (s, 1H), 6.88-6.91 (m, 5 H), 6.92-6.98 (m, 4H), 7.29-7.40 (m, 4H), 7.47-7.50 (m, 2H). 
13
C NMR (125 MHz, CDCl3  δ 47.15, 124.87, 125.90, 127.04, 127.20, 127.35, 127.87, 127.98, 
128.01, 128.49, 129.03, 129.06, 129.22, 130.30, 135.50, 137.18, 138.70. IR (neat) 3057, 3025, 
1951, 1887, 1671, 1597, 1574, 1492, 1469, 1440, 1217, 1205 cm
-1
. HRMS (ESI) calcd. for 
(M+Na)
+










































(Scheme 7)  
3a   4a




























1 MeCN 71 4 
2 DMF 82 12 
3 DMSO 48 9 
4 DCE 27 10 
5 dioxane 55 5 
6 THF 74 6 
7 toluene 58 5 
aReaction conditions: 0.4 mmol of substrate (Z)-1a, solvent (0. 5 M), 23h, 100 °C.bThe 

























1 100 23 12 82 
2 120 3 12 83 
3 140 3 39 40 
4 160 3 62 0 
5 180 0.25 60 (58) 0 
aReaction conditions: 0.4 mmol of substrate (Z)-1a, solvent (0.5 M). bThe yield was 



























1 R2 R4 time (h) 4 
yield 
(%)b 
1 1a Ph Ph Ph 0.25 4a 58 
2 1b Ph Ph p-MeOC6H4 0.25 4b 51 
3 1c Ph Ph p-O2NC6H4 0.25 4c 37 
4c 1d Ph Ph Me 0.5 4d 38 
5c 1e Ph Ph H 0.5 4e 12 
6 1f n-Pr Ph Ph 0.25 4f 56 
7 1g Cy Ph Ph 0.25 4g 53 
8 1h Ph nPr Ph 3 4h 18 




















































































































1. General information  
2. Analytical data of (Z)-1  
3. Representative procedure for the reaction of (Z)-1a.  
4. Analytical data of 3a 
5. Analytical data of 4 












C NMR spectra were recorded on a JEOL JNM- 500 (500 MHz for 
1
H and 125 
MHz for 
13
C) spectrometer. Chemical shifts are reported in ppm relative to CHCl3 (for 
1
H,  
7.24), and CDCl3 (for 
13
C,  77.00). 
1
H NMR data are reported as follows: chemical shift, 
integration, multiplicity (s = singlet, d = doublet, t = triplet, sext = sextet, br = broad, m = 
multiplet) and coupling constants (Hz). Infrared spectra were recorded on a JASCO 
FT/IR-4100 spectrometer. High-resolution mass spectra analysis was performed on a Bruker 
Daltonics APEX III FT-ICR-MS spectrometer at the Instrumental Analysis Center for 
Chemistry, Graduate School of Science, Tohoku University. X-ray crystallographic data was 
obtained by Rigaku / MSC Saturn Cu-CCD device at the Instrumental Analysis Center for 
Chemistry, Graduate School of Science, Tohoku University. Flash column chromatography 
was performed with Kanto Chemical silica gel 60N (spherical, neutral, 40-50 μm). Analytical 
thin layer chromatography (TLC) was performed on Merck precoated TLC plates (silica gel 




































H NMR (500 MHz, CDCl3  δ 3.80 (s, 3H), 6.13 (s, 1H), 6.78 (d, J = 15.0 Hz, 1H), 6.84-6.87 
(m, 2H), 7.20-7.24 (m, 2H), 7.29-7.32 (m, 3H), 7.35-7.38 (m, 1H), 7.41-7.43 (m, 4H), 
7.50-7.53 (m, 2H), 7.66-7.67 (m, 2H). 
13
C NMR (125 MHz, CDCl3) δ 55.30, 75.92, 87.03, 
87.56, 114.18, 114.47, 122.57, 127.94, 128.17, 128.49, 128.59, 129.09, 131.95, 138.05, 
140.19, 149.44, 160.65. IR (neat) 3062, 3032, 3004, 2956, 2933, 2907, 2835, 2228, 1623, 
1602, 1572, 1509, 1489, 1454, 1442, 1300, 1245, 1173, 1138, 1029, 971, 888 cm
-1
. HRMS 
(ESI) calcd. for [C25H21NO2 + Na]
+ 





H NMR (500 MHz, CDCl3  δ 6.17 (s, 1H), 6.88 (d, J = 16.0 Hz, 1H), 7.30-7.35 (m, 4H), 
7.38-7.53 (m, 6H), 7.62-7.67 (m, 4H), 8.20 (d, J = 8.5 Hz, 2H). 
13
C NMR (125 MHz, CDCl3) 
δ 76.75, 86.77, 88.22, 120.40, 122.60, 124.29, 128.30, 128.49, 128.83, 128.93, 129.10, 132.17, 
137.48, 137.84, 142.22, 148.08, 148.11. IR (neat) 1598, 1517, 1342, 896 cm
-1
. HRMS (ESI) 
calcd. for [C24H18N2O3+ Na]
+ 









H NMR (500 MHz, CDCl3  δ 1.84 (dd, J = 7.0, 6.5 Hz, 3H), 6.06 (s, 1H), 6.70-6.76 (m, 1H), 
6.83 (d, J = 10.0 Hz, 1H), 7.27-7.31 (m, 3H), 7.32-7.37 (m, 1H), 7.39-7.42 (m, 2H), 7.49-7.51 
(m, 2H), 7.62-7.64 (m, 2H). 
13
C NMR (125 MHz, CDCl3) δ 18.49, 75.70, 87.06, 87.40, 
120.93, 122.60, 127.85, 128.15, 128.45, 128.54, 131.92, 138.07, 139.75, 149.11. IR (neat) 
1645, 1489, 1454, 1443, 1028, 971, 934, 887 cm
-1
. HRMS (ESI) calcd. for [C19H17NO + Na]
+ 





H NMR (500 MHz, CDCl3  δ 5.54-5.60 (m, 2H), 6.08 (s, 1H), 6.96-7.04 (m, 1H), 7.12 (d, J 
= 9.5 Hz, 1H), 7.27-7.42 (m, 6H), 7.47-7.51 (m, 2H), 7.61-7.63 (m, 2H). 
13
C NMR (125 MHz, 
CDCl3) δ 75.95, 86.83, 87.57, 122.51, 125.64, 125.77, 127.87, 128.18, 128.48, 128.53, 128.63, 
131.92, 137.87, 149.14. IR (neat) 1489, 1454, 1290, 1019, 995, 934, 889 cm
-1
. HRMS (ESI) 
calcd. for [C18H15NO + Na]
+ 















H NMR (500 MHz, CDCl3  δ 1.00 (t, J = 7.5 Hz, 3H), 1.59 (sext, J = 7.3 Hz, 2H), 2.29 (td, J 
= 7.0, 2.0 Hz, 2H), 5.91 (t, J = 2.0 Hz, 1H), 6.80 (d, J = 16.0 Hz, 1H), 7.22-7.25 (m, 1H), 
7.27-7.35 (m, 5H), 7.37-7.40 (m, 2H), 7.44-7.46 (m, 2H), 7.58-7.60 (m, 2H). 
13
C NMR (125 
MHz, CDCl3) δ 13.50, 20.95, 21.98, 75.85, 78.01, 88.66, 116.57, 127.51, 127.85, 128.34, 
128.38, 128.68, 129.26, 135.74, 138.48, 140.17, 148.79. IR (neat) 2962, 1624, 1492, 1450, 
1292, 1134, 972, 902 cm
-1








H NMR (500 MHz, CDCl3  δ 1.26-1.33 (br, 3H), 1.48-1.54 (br, 3H), 1.70-1.72 (br, 2H), 
1.83-1.85 (br, 2H), 2.49-2.52 (br, 1H), 5.92 (d, J = 1.5 Hz, 1H), 6.80 (d, J = 15.5 Hz, 1H), 
7.22 – 7.24 (m, 1H), 7.28-7.35 (m, 5H), 7.37-7.40 (m, 2H), 7.44-7.46 (m, 2H), 7.59-7.61(m, 
2H). 
13
C NMR (125 MHz, CDCl3) δ 24.80, 25.83, 29.20, 32.44, 32.49, 75.86, 77.74, 92.78, 
116.63, 127.49, 127.89, 128.30, 128.33, 128.66, 129.23, 135.75, 138.54, 140.05, 148.72. IR 
(neat) 2927, 2852, 1624, 1448, 972, 920, 903, 882 cm
-1
. HRMS (ESI) calcd. for [C24H25NO + 
Na]
+ 











H NMR (500 MHz, CDCl3  δ 1.02 (t, J = 7.5 Hz, 3H), 1.61 (sext, J = 7.0 Hz, 2H), 1.95 (m, 
2H), 5.07 (t, J = 7.0 Hz, 1H), 6.85 (d, J = 16.0 Hz, 1H), 7.27-7.39 (m, 8H), 7.45-7.52 (m, 4H). 
13
C NMR (125 MHz, CDCl3) δ 13.86, 18.59, 36.72, 74.11, 85.56, 88.34, 116.49, 122.80, 
127.48, 128.11, 128.23, 128.72, 129.26, 131.87, 135.82, 140.02, 148.47. IR (neat) 2958, 2932, 
2872, 1624, 1489, 1338, 1294, 1004, 988, 971, 903 cm
-1
. HRMS (ESI) calcd. for [C21H21NO 
+ Na]
+ 
326.1515, found. 326.1514. 
 




To a 3 mL pressure vial was added (Z)-1a (135.0 mg, 0.4 mmol) and DMF (0.8 mL) under 
argon atmosphere and the reaction mixture was stirred at 180 ºC for 15 minutes. After cooling 
to room temperature, the reaction mixture was filtered through a short pad of silica-gel with 
ethyl acetate. After removing solvents in vacuo, the crude product was purified by silica-gel 
column chromatography using hexane/ethyl acetate (1/1) as eluent to obtain 4a (78.3 mg, 



















H NMR (500 MHz, CDCl3) δ 6.02 (s, 1H), 6.52 (dd, J = 15.5, 11.0 Hz, 1H), 6.65 (d, J = 15.5 
Hz, 1H), 6.71 (d, J = 11.0 Hz, 1H ), 7.18-7.27 (m, 5H), 7.40-7.52 (m, 8H), 8.13-8.15 (m, 2H). 
13
C NMR (125 MHz, CDCl3) δ 85.66, 117.02, 124.08, 126.34, 126.38, 127.11, 127.96, 128.67, 
128.80, 129.18, 129.80, 130.28, 131.75, 131.90, 134.06, 136.77, 149.14. IR (neat) 3058, 3027, 
1671, 1540, 1489, 1448, 1416, 1256, 961 cm
-1
. HRMS (ESI) calcd. for [C24H19NO + Na]
+
 

































H NMR (500 MHz, CDCl3  δ 3.78 (s, 2H), 6.99 (d, J = 7.5 Hz, 2H), 7.14 (d, J = 8.0 Hz, 1H), 
7.19-7.27 (m, 4H), 7.32-7.34 (m, 2H), 7.37-7.48 (m, 7H), 7.84-7.86 (m, 2H). 
13
C NMR (125 
MHz, CDCl3) δ 38.57, 125.35, 126.53, 126.65, 127.85, 128.52, 128.59, 128.65, 128.77, 
129.12, 129.34, 129.54, 132.50, 132.99, 137.38, 138.74, 147.24, 150.45. IR (neat) 3059, 3027, 
1639, 1599, 1494, 1471, 1452, 1443, 1358, 1306, 1264, 1015 cm
-1
. HRMS (ESI) calcd. for 
[C24H19NO + Na]
+ 





H NMR (500 MHz, CDCl3  δ 3.74 (s, 2H), 3.80 (s, 3H), 6.92-6.97 (m, 4H), 7.10 (d, J = 8.0 
Hz, 1H), 7.17-7.25 (m, 3H), 7.31-7.36 (m, 3H), 7.38-7.46 (m, 3H), 7.86-7.88 (m, 2H). 
13
C 
NMR (125 MHz, CDCl3) δ 38.48, 55.18, 113.21, 124.88, 125.25, 126.43, 126.64, 128.44, 
128.52, 128.69, 129.29, 130.99, 132.65, 136.64, 138.80, 146.85, 150.35, 160.17. IR (neat) 
3026, 1604, 1473, 1249, 1176 cm
-1

















H NMR (500 MHz, CDCl3  δ 3.80 (s, 2H), 6.98-7.00 (m, 2H), 7.20-7.29 (m, 4H), 7.32-7.34 
(m, 2H), 7.41-7.51 (m, 4H), 8.05-8.08 (m, 2H), 8.26-8.29 (m, 2H). 
13
C NMR (125 MHz, 
CDCl3) δ 38.69, 123.07, 125.46, 126.76, 126.97, 128.66, 128.79, 128.84, 129.06, 129.20, 
130.60, 131.89, 138.31, 139.11, 139.29, 145.05, 147.81, 150.94. IR (neat) 1598, 1516, 1345, 
1263 cm
-1
. HRMS (ESI) calcd. for [C24H18N2O3 + Na]
+ 





H NMR (500 MHz, CDCl3  δ 2.51 (s, 3H), 3.71 (s, 2H), 6.92-6.93 (m, 2H), 7.02 (d, J = 8.0 
Hz, 1H), 7.16-7.27 (m, 6H), 7.39-7.46 (m, 3H). 
13
C NMR (125 MHz, CDCl3) δ 18.05, 38.36, 
124.57, 126.40, 128.43, 128.59, 128.62, 128.66, 129.22, 129.78, 132.58, 136.12, 138.99, 
147.12, 149.86. IR (neat) 3059, 3027, 1479, 1445, 1355, 1265, 1015 cm
-1
. HRMS (ESI) calcd. 
for [C19H17NO + Na]
+


















H NMR (500 MHz, CDCl3) δ 3.73 (s, 2H), 6.91-6.92 (m, 2H), 7.09 (d, J = 8.0 Hz, 1H), 
7.16-7.29 (m, 6H), 7.42-7.48 (m, 3H), 8.25 (d, J = 6.0 Hz, 1H). 
13
C NMR (125 MHz, CDCl3) 
δ 38.56, 124.02, 126.60, 127.16, 128.56, 128.73, 128.76, 129.03, 129.26, 131.83, 137.99, 
138.59, 139.10, 150.10. IR (neat) 3391, 3061, 3027, 2923, 2853, 1602, 1494, 1467, 1444, 
1418, 1261, 1233, 1075, 1014, 997 cm
-1








H NMR (500 MHz, CDCl3  δ 0.99 (t, J = 7.5 Hz, 3H), 1.62 (sext, J = 7.5 Hz, 2H), 2.98-3.03 
(m, 2H), 4.04 (s, 2H), 5.49 (d, J = 8.0 Hz, 1H), 7.15-7.20 (m, 3H), 7.23-7.26 (m, 1H), 
7.31-7.34 (m, 2H), 7.37-7.45 (m, 3H), 7.77-7.78 (m, 2H). 
13
C NMR (125 MHz, CDCl3) δ 
14.41, 19.01, 29.98, 38.45, 123.65, 126.54, 126.66, 127.91, 128.63, 128.66, 128.90, 129.35, 
133.56, 136.01, 138.48, 147.26, 152.57. IR (neat) 3059, 3026, 2960, 2929, 2870, 1602, 1494, 
1480, 1454, 1364, 1257, 1093 cm
-1


















H NMR (500 MHz, CDCl3  δ 1.11-1.28 (bs, 5H), 1.59-1.73 (bs, 4H), 2.77-2.96 (bs, 3H), 4.03 
(s, 2H), 7.06-7.44 (m, 10H), 7.72-7.74 (m, 2H). 
13
C NMR (125 MHz, CDCl3) δ 25.13, 25.53, 
26.61, 39.84, 41.44, 123.84, 126.56, 127.21, 127.94, 128.45, 128.57, 128.75, 129.39, 133.80, 
136.12, 139.00, 148.84, 154.73. IR (neat) 2921, 2849, 1494, 1474, 1452, 1359, 1278, 1254 
cm
-1
. HRMS (ESI) calcd. For [C24H25NO + Na]
+ 





H NMR (500 MHz, CDCl3  δ 0.80 (t, J = 7.5 Hz, 3H), 1.23 (sext, J = 7.5 Hz, 2H), 1.43-1.50 
(m, 2H), 2.41 (t, J = 8.0 Hz, 2H), 7.23-7.26 (m, 1H), 7.36-7.44 (m, 7H), 7.47-7.50 (m, 2H), 
7.84-7.87 (m, 2H). 
13
C NMR (125 MHz, CDCl3) δ 13.63, 22.20, 32.26, 32.40, 125.32, 126.10, 
127.85, 128.50, 128.51, 129.03, 129.32, 129.58, 132.79, 133.19, 139.03, 146.84, 150.19. IR 
(neat) 3058, 2956, 2928, 2868, 1672, 1470, 1443, 1357, 1268, 1014 cm
-1
. HRMS (ESI) calcd. 
for [C21H21NO + Na]
+ 
326.1515, found. 326.1515. 
 




To a 3 mL pressure vial was added 3a (135.0 mg, 0.4 mmol) and DMF (0.8 mL) under 
argon atmosphere and the reaction mixture was stirred at 180 ºC for 15 minutes. After cooling 
to room temperature, the reaction mixture was filtered through a short pad of silica-gel with 
ethyl acetate. After removing solvents in vacuo, the crude product was purified by silica-gel 
column chromatography using hexane/ethyl acetate (1/1) as eluent to obtain 4a (81 mg, 60%) 


















































































































1) Nakamura, I.; Zhang, D.; Terada, M. J. Am. Chem. Soc. 2010, 132, 7884-7886. 
2) Nakamura, I.; Zhang, D.; Terada, M. Tetrahedron Lett. 2011, 52, 6470-6472. 
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1 CuCl 51 <1 
2 CuBr 53 <1 
3 CuBr·SMe2 53 <1 
4 CuI 49 <1 
5 CuCl2 53 <1 
aThe reaction of (E)-1a (0.2 mmol) and 2a (0.24 mmol) were carried out in the 
presence of copper catalyst (5 mol%), Et3N (1.2 equiv) in acetonitrile (0.4 mL) at rt for 
























1 MeCN 60 53 <1 
2 DMSO 20 7 <1 
3 THF 20 21 <1 
4 toluene 20 7 <1 
5 CH2Cl2 20 7 <1 
aThe reaction of (E)-1a (0.2 mmol) and 2a (0.24 mmol) were carried out in the 
presence of CuBr•SMe2 (5 mol%), Et3N (1.2 equiv) at rt. 
bThe yield was determined 


























1 Et3N 53 <1 
2 iPr2NEt 34 <1 
3 pyridine 6 68 
4 K2CO3 17 <1 
aThe reaction of (E)-1a (0.2 mmol) and 2a (0.24 mmol) were carried out in the 
presence of CuBr•SMe2 (5 mol%), base (1.2 equiv) in acetonitrile (0.4 mL) at rt for 1 h. 



























1 H2O 0 53 <1 
2 H2O 2 65 <1 
3 H2O 6 76 <1 
4 H2O 10 72 <1 
5 AcOH 1 59 10 
aThe reaction of (E)-1a (0.2 mmol) and 2a (0.24 mmol) were carried out in the 
presence of CuBr•SMe2 (5 mol%), Et3N (1.2 equiv) in acetonitrile (0.4 mL) at rt for 1 h. 

















entry 2 R3 time (h) 3 yield (%)
b 
1 2a p-MeC6H4 1 3a 71 
2 2b Ph 1 3b 71 
3 2c p-
tBuC6H4 1 3c 66 
4 2d p-MeOC6H4 1 3d 72 
5 2e p-FC6H4 1 3e 67 
6 2f p-ClC6H4 0.25 3f 61 
7 2g Bn 1 3g 20 
aThe reaction of (E)-1a (0.2 mmol) and 2 (0.24 mmol) were carried out in the presence 
of CuBr•SMe2 (5 mol%), Et3N (1.2 equiv) and water (6 equiv) in acetonitrile (0.4 mL)  
















entry 1 R2 time (h) 3 yield (%)
b 
1 1a p-O2NC6H4 1 3a 71 
2 1b p-F3CC6H4 1 3h 60 
3 1c p-ClC6H4 1 3i 58 
4 1d Ph 0.25 3j 41 
5c 1d Ph 1 3j 60 
6 1e p-MeOC6H4 0.5 3k 23 
7 1f p-Me2NC6H4 0.25 - <1 
8 1g CO2Et 4 - <1 
a The reaction of (E)-1 (0.2 mmol) and 2 (0.25 mmol) were carried out in the presence 
of CuBr•SMe2 (5 mol%), Et3N (1.2 equiv) and water (6 equiv) in acetonitrile (0.4 mL) 













entry 1 R1 time (h) 3 yield (%)
b 
1 1h p-MeOC6H4 1 3l 53 
2 1i p-MeC6H4 1 3m 70 
3 1j o-MeC6H4 1 3n 63 
4 1k p-FC6H4 2 3o 72 
5 1l p-ClC6H4 2 3p 75 
6 1m p-F3CC6H4 0.25 3q 62 
7 1n nPr 4 3r 34 
8 1o Cy 0.5 3s 53 
aThe reaction of (E)-1 (0.2 mmol) and 2 (0.25 mmol) were carried out in the presence 
of CuBr•SMe2 (5 mol%), Et3N (1.2 equiv) and water (6 equiv) in acetonitrile (0.4 mL) 
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C NMR spectra were recorded on a JEOL JNM-ECS (400 MHz for 
1
H and 100 MHz for 
13
C) 
spectrometer. Chemical shifts are reported in ppm relative to CHCl3 (for 
1





H NMR data are reported as follows: chemical shift, integration, multiplicity (s = singlet, brs= 
broad singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublets, td = triplet of 
doublets, ddd = doublet of doublet of doublets,) and coupling constants (Hz). Infrared spectra were 
recorded on a JASCO FT/IR-4100 spectrometer. High-resolution mass spectra analysis was performed on a 
Bruker Daltonics solariX 9.4T spectrometer at the Research and Analytical Center for Chemistry, Graduate 
School of Science, Tohoku University. Flash column chromatography was performed with Kanto Chemical 
silica gel 60 N (spherical, neutral, 40-50 μm). Analytical thin layer chromatography (TLC) was performed 
on Merck precoated TLC plates (silica gel 60 F254). All reactions were carried out under argon atmosphere. 
Anhydrous DMSO, MeCN, THF, toluene, DCM (WAKO) were purchased and used as received.  
Substrates 1 were synthesized in accordance with the literature method. 
[1] 
[1] I. Nakamura, T. Araki, D. Zhang, Y. Kudo, E. Kwon, M. Terada, Org. Lett., 2011, 13, 3616-3619. 
 
2. General procedure for the synthesis of 3a. 
 
 
To a mixture of CuBr·SMe2 (2.1 mg, 0.01 mmol), (E)-1a (56.1 mg, 0.2 mmol), 2a (47.3 mg, 0.24 
mmol), and water (0.022 mL, 1.2 mmol) in acetonitrile (0.4 mL) in a pressure vial was added triethylamine 
(0.034 mL, 0.24 mmol) at rt (20-25 °C).  After stirring the mixture at rt for 1 h, the reaction mixture was 
filtered through a short pad of silica gel with EtOAc (50 mL).  After removing the solvents in vacuo, the 
crude product was purified using flash column chromatography with hexane/EtOAc (6:1) as eluents to 












H NMR (400 MHz, CDCl3) 2.76 (d, J = 2.4 Hz, 1H), 5.99 (d, J = 2.4 Hz, 1H), 7.37-7.45 (m, 3H), 
7.60-7.62 (m, 2H), 7.75-7.77 (m, 2H), 8.19 (s, 1H), 8.22-8.24 (m, 2H). 
13
C NMR (100 MHz, CDCl3)  
76.11, 76.42, 80.87, 123.96, 127.89, 128.02, 128.64, 129.16, 136.41, 137.90, 147.75, 148.48. IR (ATR) 
3283, 3278, 3066, 3036, 2123, 1597, 1588, 1516, 1341, 1012, 1001, 959, 940 cm
-1
. HRMS (ESI) calcd for 
C16H12N2NaO3 ([M + Na]
 +





H NMR (400 MHz, CDCl3) 5.99 (s, 1H), 7.37-7.45 (m, 3H), 7.60-7.62 (m, 2H), 7.75-7.77 (m, 
2H), 8.19 (s, 1H), 8.22-8.24 (m, 2H). 
13
C NMR (100 MHz, CDCl3)  76.12, 123.96, 127.89, 128.02, 128.64, 
129.15, 136.47, 137.93, 147.75, 148.52. IR (ATR) 3065, 2855, 2587, 1983, 1588, 1510, 1350, 953 cm
-1
. 
HRMS (ESI) calcd for C16H11DN2NaO3 ([M + Na]
 +













H NMR (400 MHz, CDCl3) 2.74 (d, J = 2.4 Hz, 1H), 5.97 (d, J = 2.4 Hz, 1H), 7.36-7.44 (m, 3H), 
7.60-7.62 (m, 4H), 7.69-7.71 (m, 2H), 8.16 (s, 1H). 
13
C NMR (100 MHz, CDCl3) q 
= 272.24 Hz), 125.56 (q = 3.82 Hz), 127.43, 127.99, 128.59, 129.02, q = 32.67 Hz), 135.21, 
136.66, 148.52. IR (ATR) 3309, 3065, 3036, 2906, 2123, 1321, 1166, 1123, 1107, 1065, 957, 936 cm
-1
. 
HRMS (ESI) calcd for C17H12F3NNaO ([M + Na]
 +





H NMR (400 MHz, CDCl3) 2.72 (d, J = 2.4 Hz, 1H), 5.93 (d, J = 2.4 Hz, 1H), 7.32-7.43 (m, 5H), 
7.51-7.53 (m, 2H), 7.59-7.61 (m, 2H), 8.09 (s, 1H). 
13
C NMR (100 MHz, CDCl3)  75.54, 76.02, 81.31, 
127.96, 128.46, 128.56, 128.94, 129.72, 130.33, 135.97, 136.84, 148.81. IR (ATR) 3294, 3062, 3033, 2904, 
2121, 1595, 1491, 1454, 1402, 1272, 1089, 1013, 958, 934 cm
-1
. HRMS (ESI) calcd for C16H12ClNNaO 
([M + Na]
 +













H NMR (400 MHz, CDCl3) 2.71 (d, J = 2.4 Hz, 1H), 5.95 (d, J = 2.4 Hz, 1H), 7.34-7.43 (m, 6H), 
7.57-7.62 (m, 4H), 8.14 (s, 1H). 
13
C NMR (100 MHz, CDCl3) 75.37, 75.90, 81.43, 127.29, 127.95, 
128.53, 128.64, 128.87, 130.08, 131.78, 136.96, 150.01. IR (ATR) 3289, 3064, 3030, 2994, 2900, 2121, 
1494, 1454, 1447, 1271, 1022, 957, 950, 930 cm
-1
. HRMS (ESI) calcd for C16H13NNaO ([M + Na]
 +
) 





H NMR (400 MHz, CDCl3) 2.70 (d, J = 2.4 Hz, 1H), 5.92 (d, J = 2.4 Hz, 1H), 6.86-6.90 (m, 2H), 
7.33-7.43 (m, 3H), 7.51-7.60 (m, 2H), 7.61-7.62 (m, 2H), 8.09 (s, 1H). 
13
C NMR (100 MHz, CDCl3) 
55.29, 75.17, 75.73, 81.62, 114.10, 124.44, 127.92, 128.51, 128.78, 128.80, 137.14, 149.64, 161.12. IR 
(ATR) 3287, 3033, 2935, 2837, 2125, 1604, 1512, 1454, 1280, 11170, 1024, 957, 928 cm
-1
. HRMS (ESI) 
calcd for C17H15NNaO2 ([M + Na]
 +












H NMR (400 MHz, CDCl3) 2.69 (d, J = 2.4 Hz, 1H), 2.99 (s, 6H), 5.90 (d, J = 2.4 Hz, 1H), 
6.65-6.68 (m, 2H), 7.33-7.42 (m, 3H), 7.45-7.48 (m, 2H), 7.60-7.63 (m, 2H), 8.07 (s, 1H). 
13
C NMR (100 
MHz, CDCl3) 40.19, 74.87, 75.54, 81.86, 111.73, 119.31, 127.92, 128.48, 128.60, 128.69, 137.33, 150.46, 
151.56. IR (ATR) 3285, 2891, 2806, 2117, 1610, 1601, 1526, 1361, 1183, 926 cm
-1
. HRMS (ESI) calcd for 
C18H18N2NaO ([M + Na]
 +
) 301.1317, found 301.1311. 
 
 
1g (E/Z = 85/15): 
1
H NMR (400 MHz, CDCl3) 1.29 (t, J = 7.6 Hz, 0.69H), 1.33 (t, J = 7.6 Hz, 3H), 2.74 
(d, J = 2.4 Hz, 0.17H), 2.77 (d, J = 2.4 Hz, 1H), 4.24 (q, J = 7.6 Hz, 0.43H), 4.31 (q, J = 7.6 Hz, 2H), 5.93 
(d, J = 2.4 Hz, 0.17H), 6.04 (d, J = 2.4 Hz, 1H), 7.05 (s, 0.16H), 7.35-7.44 (m, 3.97H), 7.54-7.58 (m, 
3.57H). 
13
C NMR (100 MHz, CDCl3) 13.96, 14.06, 61.35, 61.75, 76.29, 76.53, 80.09, 80.46, 127.70, 
127.99, 128.44, 128.48, 128.63, 128.90, 129.05, 129.29, 131.22, 135.74, 136.27, 138.84, 142.10, 158.62, 
161.54. IR (ATR) 3285, 2985, 2123, 1739, 1721, 1602, 1456, 1321, 1299, 1265, 1195, 1038, 951 cm
-1
. 
HRMS (ESI) calcd for C13H13NNaO3 ([M + Na]
 +









H NMR (400 MHz, CDCl3) 2.75 (d, J = 2.4 Hz, 1H), 3.83 (s, 3H) 5.93 (d, J = 2.4 Hz, 1H), 
6.92-6.96 (m, 2H), 7.53-7.56 (m, 2H), 7.75-7.77 (m, 2H), 8.17 (s, 1H), 8.22-8.24 (m, 2H). 
13
C NMR (100 
MHz, CDCl3) 55.33, 75.78, 76.17, 81.12, 113.97, 123.97, 127.87, 128.57, 129.60, 138.02, 147.59, 148.46, 
160.26. IR (ATR) 3283, 3004, 2956, 2935, 2907, 2836, 2117, 1611, 1586, 1511, 1341, 1247, 1174, 944 cm
-1
. 
HRMS (ESI) calcd for C17H14N2NaO4 ([M + Na]
 +





H NMR (400 MHz, CDCl3) 2.38 (s, 3H) 2.74 (d, J = 2.4 Hz, 1H), 5.95 (d, J = 2.4 Hz, 1H), 
7.22-7.24 (m, 2H), 7.49-7.51 (m, 2H), 7.75-7.77 (m, 2H), 8.17 (s, 1H), 8.22-8.24 (m, 2H). 
13
C NMR (100 
MHz, CDCl3) 21.26, 75.80, 76.20, 81.06, 123.96, 127.88, 128.03, 129.34, 133.51, 137.99, 139.19, 147.64, 
148.46. IR (ATR) 3295, 2921, 2121, 1597, 1588, 1516, 1341, 938 cm
-1
. HRMS (ESI) calcd for 
C17H14N2NaO3 ([M + Na]
 +










H NMR (400 MHz, CDCl3) 2.47 (s, 3H) 2.74 (d, J = 2.4 Hz, 1H), 6.16 (d, J = 2.4 Hz, 1H), 
7.22-7.32 (m, 3H), 7.71-7.79 (m, 3H), 8.19 (s, 1H), 8.21-8.25 (m, 2H). 
13
C NMR (100 MHz, CDCl3) 
19.19, 73.98, 76.32, 80.90, 123.96, 126.20, 127.91, 128.27, 129.23, 130.74, 134.27, 136.75, 137.93, 
147.67, 148.48. IR (ATR) 3294, 3081, 3027, 2924, 2117, 1597, 1588, 1516, 1341, 949 cm
-1
. HRMS (ESI) 
calcd for C17H14N2NaO3 ([M + Na]
 +





H NMR (400 MHz, CDCl3) 2.77 (d, J = 2.4 Hz, 1H), 5.96 (d, J = 2.4 Hz, 1H), 7.08-7.13 (m, 2H), 
7.57-7.61 (m, 2H), 7.74-7.78 (m, 2H), 8.18 (s, 1H), 8.22-8.25 (m, 2H). 
13
C NMR (100 MHz, CDCl3) 
75.31, 76.62, 80.64, 115.57 (d, J = 22.17 Hz), 123.98, 127.90, 129.99 (d, J = 7.6 Hz), 132.38 (d, J = 2.8 
Hz), 137.78, 147.87, 148.52, 163.10 (d, J = 248.31 Hz). IR (ATR) 3293, 3076, 2127, 1602, 1589, 1519, 
1516, 1509, 1342, 1224, 960, 943 cm
-1













H NMR (400 MHz, CDCl3) 2.77 (d, J = 2.4 Hz, 1H), 5.95 (d, J = 2.4 Hz, 1H), 7.38-7.41 (m, 2H), 
7.53-7.56 (m, 2H), 7.75-7.77 (m, 2H), 8.18 (s, 1H), 8.22-8.25 (m, 2H). 
13
C NMR (100 MHz, CDCl3) 
75.29, 76.76, 80.41, 124.01, 127.94, 128.84, 129.43, 135.06, 135.12, 137.74, 148.00, 148.58. IR (ATR) 
3291, 2127, 1597, 1588, 1519, 1490, 1090, 1016, 960, 939 cm
-1
. HRMS (ESI) calcd for C16H11ClN2NaO3 
([M + Na]
 +





H NMR (400 MHz, CDCl3) 2.79 (d, J = 2.4 Hz, 1H), 6.03 (d, J = 2.4 Hz, 1H), 7.67-7.77 (m, 
6H), 8.21 (s, 1H), 8.23-8.25 (m, 2H). 
13
C NMR (100 MHz, CDCl3) 75.22, 77.14, 80.08, 123.89 (q, J = 
272.24 Hz), 124.03, 125.65 (q, J = 3.82 Hz), 127.99, 128.30, 131.19 (q, J = 32.60 Hz), 137.61, 140.44, 
148.27, 148.64. IR (ATR) 3295, 3115, 3077, 2935, 2855, 2123, 1589, 1519, 1516, 1420, 1342, 1321, 1164, 
1123, 1111, 1066, 964, 940 cm
-1
. HRMS (ESI) calcd for C17H11F3N2NaO3 ([M + Na]
 +










H NMR (400 MHz, CDCl3)  (t, J = 7.6 Hz, 3H), 1.56 (sext, J = 7.6 Hz, 2H), 1.80-1.96 (m, 
2H), 2.53 (d, J = 2.4 Hz, 1H), 4.93 (td, J = 7.6, 2.4 Hz, 1H), 7.76-7.80 (m, 2H), 8.17 (s, 1H), 8.22-8.26 (m, 
2H). 
13
C NMR (100 MHz, CDCl3) 13.73, 18.31, 36.35, 74.13, 74.17, 82.33, 123.97, 127.78, 138.15, 
147.13, 148.40. IR (ATR) 3301, 2960, 2935, 2874, 2112, 1520, 1313, 994, 955 cm
-1
. HRMS (ESI) calcd for 
C13H14N2NaO3 ([M + Na]
 +





H NMR (400 MHz, CDCl3) 1.17-1.33 (m, 5H), 1.69-1.93 (m, 6H), 2.54 (d, J = 2.4 Hz, 1H), 4.75 
(dd, J = 6.0, 2.4 Hz, 1H), 7.76-7.79 (m, 2H), 8.17 (s, 1H), 8.22-8.26 (m, 2H). 
13
C NMR (100 MHz, CDCl3) 
25.70, 25.79, 26.23, 27.94, 28.69, 41.43, 74.99, 79.09, 81.21, 123.95, 127.75, 138.18, 146.99, 148.36. IR 
(ATR) 3294, 2926, 2852, 1519, 1341, 1312, 1011, 980, 955 cm
-1
. HRMS (ESI) calcd for C16H18N2NaO3 
([M + Na]
 +














4. Analytical data of 3. 
 
3a: (white solid, 63.9 mg, 71%) 
1
H NMR (400 MHz, CDCl3) 2.45 (s, 3H), 7.35-7.42 (m, 5H), 7.60-7.63 
(m, 2H), 7.90-7.94 (m, 2H), 7.96 (d, J =16.4 Hz, 1H), 7.99 (d, J = 16.4 Hz, 1H), 8.20-8.23 (m, 2H), 
8.41-8.43 (m, 2H), 11.98 (brs, 1H). 
13
C NMR (100 MHz, CDCl3) 21.65, 118.59, 124.40, 126.81, 128.96, 
129.01, 129.26, 129.76, 131.27, 134.37, 137.56, 137.62, 144.34, 147.38, 150.74, 158.68, 162.83. IR (ATR) 
3246, 3061, 1718, 1630, 1582, 1528, 1346, 1297, 1243, 1145, 1072, 994, 850 cm
-1
. HRMS (ESI) calcd for 
C23H19N3NaO5S ([M + Na]
 +
) 472.0943, found 472.0938. 
 
 
3a-d: (white solid, 66.6 mg, 74%) 
1
H NMR (400 MHz, CDCl3) 2.45 (s, 3H), 7.35-7.42 (m, 5H), 7.60-7.63 
(m, 2H), 7.90-7.94 (m, 2H), 7.97-7.98 (m, 1.12H), 8.20-8.23 (m, 2H), 8.41-8.43 (m, 2H), 11.97 (brs, 1H). 
13
C NMR (100 MHz, CDCl3) 21.65, 118.65, 124.41, 126.83, 128.99, 129.03, 129.28, 129.79, 131.29, 
134.36, 137.59, 137.64, 144.35, 147.32, 150.76, 158.65, 162.85. IR (ATR) 3253, 2931, 2856, 2127, 1712, 
1606, 1571, 1522, 1446, 1337, 1279, 1142, 1066, 959 cm
-1
. HRMS (ESI) calcd for C23H18DN3NaO5S ([M + 
Na]
 +





3a-d: (white solid, 64.8 mg, 72%) 
1
H NMR (400 MHz, CDCl3) 2.45 (s, 3H), 7.35-7.42 (m, 5H), 7.60-7.63 
(m, 2H), 7.90-7.94 (m, 2H), 7.92-7.95 (m, 1.04H), 8.20-8.22 (m, 2H), 8.39-8.41 (m, 2H), 11.96 (brs, 1H). 
13
C NMR (100 MHz, CDCl3) 21.60, 124.35, 126.78, 128.94, 128.99, 129.23, 129.74, 131.23, 134.33, 
137.58, 137.60, 144.31, 147.22, 150.72, 158.61, 162.81. IR (ATR) 3252, 3030, 1716, 1609, 1581, 1526, 
1337, 1316, 1242, 1145, 1071, 958 cm
-1






3b: (yellow solid, 70.0 mg, 72%) 
1
H NMR (400 MHz, CDCl3) 3.89 (s, 3H), 7.01-7.03 (m, 2H), 7.40-7.42 
(m, 3H), 7.60-7.62 (m, 2H), 7.94-7.97 (m, 4H), 8.21-8.23 (m, 2H), 8.41-8.43 (m, 2H). 11.97 (brs, 1H). 
13
C 
NMR (100 MHz, CDCl3) 55.68, 114.33, 118.65, 124.37, 128.93, 129.00, 129.24, 131.20, 132.09, 134.38, 
137.65, 147.10, 150.71, 158.27, 162.82, 163.45. IR (ATR) 3251, 3016, 2841, 1716, 1635, 1575, 1526, 1520, 
1496, 1346, 1290, 1258, 1243, 1142, 1070, 992 cm
-1
. HRMS (ESI) calcd for C23H19N3NaO6S ([M + Na]
 +
) 





3c: (white solid, 61.8 mg, 71%) 
1
H NMR (400 MHz, CDCl3) 7.39-7.43 (m, 3H), 7.56-7.67 (m, 5H), 
7.96-8.05 (m, 4H), 8.21-8.23 (m, 2H), 8.41-8.43 (m, 2H), 11.96 (brs, 1H). 
13
C NMR (100 MHz, CDCl3) 
118.50, 124.40, 126.74, 129.00, 129.03, 129.15, 129.26, 131.36, 133.32, 134.30, 137.55, 140.49, 147.64, 
150.75, 159.03, 162.83. IR (ATR) 3261, 3086, 1717, 1628, 1576, 1526, 1446, 1346, 1232, 1145, 1071, 993, 
849 cm
-1
. HRMS (ESI) calcd for C22H17N3NaO5S ([M + Na]
 +
) 458.0787, found 458.0781. 
 
 
3d: (white solid, 64.8 mg, 66%) 
1
H NMR (400 MHz, CDCl3) 1.35 (s, 9H), 7.41-7.42 (m, 3H), 7.56-7.58 
(m, 2H), 7.61-7.63 (m, 2H), 7.93-7.99 (m, 4H), 8.21-8.23 (m, 2H), 8.41-8.43 (m, 2H), 11.99 (brs, 1H).
 13
C 
NMR (100 MHz, CDCl3)  31.02, 35.24, 118.60, 124.37, 126.17, 126.61, 127.36, 128.95, 129.00, 129.24, 
131.26, 134.35, 137.60, 147.36, 150.71, 157.24, 158.71, 162.81. IR (ATR) 3257, 2965, 2131, 1718, 1625, 
1606, 1593, 1527, 1348, 1284, 1239, 1223 cm
-1
. HRMS (ESI) calcd for C26H25N3NaO5S ([M + Na]
 +
) 





3e: (white solid, 60.7 mg, 67%) 
1
H NMR (400 MHz, CDCl3) 7.22-7.27 (m, 2H), 7.41-7.43 (m, 3H), 
7.61-7.64 (m, 2H), 7.98-8.07 (m, 4H), 8.20-8.22 (m, 2H), 8.41-8.43 (m, 2H), 11.89 (brs, 1H). 
13
C NMR 
(100 MHz, CDCl3) 116.42 (d, J = 22.02 Hz), 118.41, 124.40, 129.03 (d, J = 2.92 Hz), 129.23, 129.55, 
129.64, 131.43, 134.23, 136.62 (d, J = 2.81 Hz), 137.48, 147.76, 150.76, 159.02, 162.79, 165.43 (d, J = 
255.95 Hz). IR (ATR) 3261, 3111, 1720, 1629, 1580, 1528, 1494, 1347, 1286, 1231, 1145, 1071 cm
-1
. 
HRMS (ESI) calcd for C22H16FN3NaO5S ([M + Na]
 +
) 476.0692, found 476.0687. 
 
 
3f: (white solid, 57.2 mg, 61%) 
1
H NMR (400 MHz, CDCl3) 7.40-7.45 (m, 3H), 7.53-7.56 (m, 2H), 
7.61-7.64 (m, 2H), 7.95-8.04 (m, 4H), 8.20-8.22 (m, 2H), 8.42-8.44 (m, 2H), 11.87 (brs, 1H). 
13
C NMR 
(100 MHz, CDCl3) 118.35, 124.42, 128.25, 129.06, 129.25, 129.45, 131.49, 134.21, 137.45, 139.00, 
139.89, 147.99, 150.78, 159.21, 162.79. IR (ATR) 3261, 3106, 3026, 1718, 1628, 1579, 1526, 1447, 1344, 
1292, 1230, 1145, 1070, 995, 849 cm
-1








3g: (white solid, 18.0 mg, 20%) 
1
H NMR (400 MHz, CDCl3) 4.50 (s, 2H), 7.26-7.29 (m, 4H), 7.42-7.47 
(m, 5H), 7.65-7.67 (m, 2H), 7.85-7.93 (m, 3H), 8.10 (d, J = 15.6 Hz, 1H), 8.33-8.35 (m, 2H), 11.36 (brs, 
1H). 
13
C NMR (100 MHz, CDCl3) 60.61, 118.04, 124.19, 128.42, 128.80, 129.12, 129.15, 131.04, 131.53, 
134.31, 137.31, 147.71, 150.64, 160.93, 162.38. IR (ATR) 3251, 2925, 2852, 1719, 1630, 1583, 1526, 1448, 
1347, 1297, 1088, 996, 848 cm
-1
. HRMS (ESI) calcd for C23H19N3NaO5S ([M + Na]
 +




3h: (white solid, 56.7 mg, 60%) 
1
H NMR (400 MHz, CDCl3) 2.44 (s, 3H), 7.34-7.41 (m, 5H), 7.60-7.62 
(m, 2H), 7.83-7.85 (m, 2H), 7.90-8.03 (m, 4H), 8.15-8.17 (m, 2H), 11.93 (brs, 1H). 
13
C NMR (100 MHz, 
CDCl3) 21.61, 118.81, 123.32 (q, J = 273.14 Hz), 126.31 (q, J = 2.81 Hz), 126.77, 128.48, 128.92, 128.96, 
129.72, 131.14, 134.42, 135.11 (q, J = 32.57 Hz), 135.50, 137.71, 144.20, 147.06, 158.88, 163.51. IR 
(ATR) 3246, 3021, 2123, 1717, 1630, 1575, 1447, 1356, 1325, 1315, 1297, 1281, 1228, 1208, 1119, 1066, 
992, 857 cm
-1
. HRMS (ESI) calcd for C24H19F3N2NaO3S ([M + Na]
 +







3i: (white solid, 50.8 mg, 58%) 
1
H NMR (400 MHz, CDCl3) 2.43 (s, 3H), 7.33-7.39 (m, 5H), 7.52-7.54 
(m, 2H), 7.58-7.60 (m, 2H), 7.89-8.02 (m, 6H), 11.82 (brs, 1H). 
13
C NMR (100 MHz, CDCl3) 21.58, 
118.99, 126.71, 128.85, 128.91, 129.41, 129.56, 129.67, 130.61, 134.47, 137.85, 140.38, 144.06, 146.74, 
159.07, 162.67. IR (ATR) 3256, 3059, 3027, 2126, 1713, 1629, 1580, 1446, 1356, 1283, 1242, 1144, 1070, 
992 cm
-1
. HRMS (ESI) calcd for C23H19ClN2NaO3S ([M + Na]
 +
) 461.0703, found 461.0697. 
 
 
3j: (white solid, 48.5 mg, 60%) 
1
H NMR (400 MHz, CDCl3) 2.44 (s, 3H), 7.33-7.40 (m, 5H), 7.56-7.67 
(m, 5H), 7.90-8.06 (m, 6H), 11.85 (brs, 1H). 
13
C NMR (100 MHz, CDCl3) 21.58, 119.19, 126.71, 128.01, 
128.84, 128.89, 129.25, 129.65, 130.92, 132.18, 133.80, 134.53, 137.94, 143.97, 146.55, 159.26, 164.71. 
IR (ATR) 3261, 3061, 3036, 2916, 1714, 1635, 1579, 1448, 1356, 1283, 1236, 1145, 1067, 992 cm
-1
. 
HRMS (ESI) calcd for C23H20N2NaO3S ([M + Na]
 +









3k: (white solid, 20.0 mg, 23%) 
1
H NMR (400 MHz, CDCl3) 2.43 (s, 3H), 3.91 (s, 3H), 7.03-7.05 (m, 
2H), 7.32-7.39 (m, 5H), 7.59-7.61 (m, 2H), 7.89-7.94 (m, 3H), 8.01-8.05 (m, 3H), 11.77 (brs, 1H). 
13
C 
NMR (100 MHz, CDCl3) 21.59, 55.61, 114.52, 119.37, 124.37, 126.69, 128.83, 128.88, 129.64, 130.31, 
130.84, 134.65, 138.13, 143.89, 146.31, 159.48, 164.09, 164.11. IR (ATR) 3298, 3258, 3025, 2930, 2840, 
1706, 1628, 1600, 1515, 1357, 1281, 1210, 1174, 1068, 989 cm
-1
. HRMS (ESI) calcd for C24H22N2NaO4S 
([M + Na]
 +
) 457.1198, found 457.1192. 
 
 
3l: (yellow solid, 53.7 mg, 53%) 
1
H NMR (400 MHz, CDCl3) 2.44 (s, 3H), 3.86 (s, 3H), 7.34-7.36 (m, 
2H), 7.57-7.59 (m, 2H), 7.86-7.91 (m, 3H), 7.99 (d, J = 15.2 Hz), 8.20-8.23 (m, 2H), 8.40-8.42 (m, 2H), 
11.98 (brs, 1H). 
13
C NMR (100 MHz, CDCl3) 21.62, 55.45, 114.51, 115.70, 124.35, 126.69, 127.20, 
129.21, 129.71, 131.03, 137.78, 137.86, 144.11, 147.77, 150.67, 158.97, 162.40, 162.85. IR (ATR) 3256, 
2926, 2836, 1718, 1624, 1604, 1579, 1569, 1559, 1540, 1511, 1422, 1345, 1244, 1171, 1145, 1071 cm
-1
. 
HRMS (ESI) calcd for C24H21N3NaO6S ([M + Na]
 +







3m: (yellow solid, 64.8 mg, 70%) 
1
H NMR (400 MHz, CDCl3) 2.39 (s, 3H), 2.45 (s, 3H), 7.20-7.22 (m, 
2H), 7.34-7.36 (m, 2H), 7.50-7.52 (m, 2H), 7.89-7.96 (m, 4H), 8.20-8.22 (m, 2H), 8.40-8.42 (m, 2H), 11.97 
(brs, 1H). 
13
C NMR (100 MHz, CDCl3) 21.61, 117.33, 124.35, 126.75, 129.05, 129.22, 129.73, 129.76, 
131.67, 137.68, 142.12, 144.22, 147.73, 150.68, 158.85, 162.83. IR (ATR) 3251, 2911, 2871, 1716, 1628, 
1576, 1526, 1344, 1282, 1243, 1181, 1145, 1071 cm
-1
. HRMS (ESI) calcd for C24H21N3NaO5S ([M + Na]
 +
) 
486.1100, found 486.1094. 
 
 
3n: (white solid, 58.4 mg, 63%) 
1
H NMR (400 MHz, CDCl3) 2.45 (s, 6H), 7.20-7.23 (m, 2H), 7.30-7.37 
(m, 3H), 7.66-7.69 (m, 1H), 7.86-7.92 (m, 3H), 8.20-8.26 (m, 3H), 8.41-8.43 (m, 2H), 11.96 (brs, 1H). 
13
C 
NMR (100 MHz, CDCl3) 19.90, 21.63, 119.59, 124.37, 126.49, 126.74, 127.38, 129.25, 129.73, 130.98, 
133.28, 137.64, 138.59, 144.27, 144.83, 150.71, 158.76, 162.81. IR (ATR) 3246, 3031, 1718, 1624, 1579, 
1525, 1458, 1343, 1285, 1235, 1144, 1070, 994, 849 cm
-1
. HRMS (ESI) calcd for C24H21N3NaO5S ([M + 
Na]
 +








3o: (white solid, 67.3 mg, 72%) 
1
H NMR (400 MHz, CDCl3) 2.45 (s, 3H), 7.08-7.12 (m, 2H), 7.35-7.37 
(m, 2H), 7.59-7.63 (m, 2H), 7.89-7.92 (m, 4H), 8.20-8.22 (m, 2H), 8.41-8.43 (m, 2H), 11.98 (brs, 1H).
 13
C 
NMR (100 MHz, CDCl3) 21.62, 116.26 (d, J = 22.02 Hz), 118.31 (d, J = 2.81 Hz), 124.39, 126.80, 
129.24, 129.77, 130.67 (d, J = 2.92 Hz), 130.90, 130.99, 137.50, 137.55, 144.38, 145.90, 150.74, 158.51, 
164.29 (d, J = 286.62 Hz). IR (ATR) 3251, 3106, 1719, 1635, 1582, 1528, 1506, 1344, 1282, 1222, 1144, 
1071, 994 cm
-1
. HRMS (ESI) calcd for C23H18FN3NaO5S ([M + Na]
 +
) 490.0849, found 490.0843. 
 
 
3p: (white solid, 72.5 mg, 75%) 
1
H NMR (400 MHz, CDCl3) 2.45 (s, 3H), 7.35-7.39 (m, 4H), 7.52-7.55 
(m, 2H), 7.87-7.97 (m, 4H), 8.20-8.22 (m, 2H), 8.41-8.43 (m, 2H), 11.97 (brs, 1H).
 13
C NMR (100 MHz, 
CDCl3) 21.65, 119.16, 124.42, 126.84, 129.26, 129.33, 129.79, 130.03, 132.84, 137.24, 137.41, 137.50, 
144.45, 145.60, 150.78, 158.37, 162.87. IR (ATR) 3265, 1718, 1630, 1583, 1528, 1520, 1407, 1344, 1285, 
1244, 1145, 1072, 992 cm
-1
. HRMS (ESI) calcd for C23H18ClN3NaO5S ([M + Na]
 +









3q: (yellow solid, 64.1 mg, 62%) 
1
H NMR (400 MHz, CDCl3) 2.46 (s, 3H), 7.37-7.39 (m, 2H), 7.65-7.72 
(m, 4H), 7.89-7.93 (m, 3H), 8.03 (d, J = 15.6 Hz, 1H), 8.21-8.23 (m, 2H), 8.42-8.44 (m, 2H), 11.98 (brs, 
1H). 
13
C NMR (100 MHz, CDCl3) 21.63, 121.32, 123.66 (d, J = 272.24 Hz), 124.40, 125.89 (d, J = 3.82 
Hz), 126.89, 128.86, 129.25, 129.81, 130.48, 132.27 (d, J = 32.57 Hz), 137.17, 137.34, 137.61, 144.52, 
144.59, 150.78, 158.01, 162.86. IR (ATR) 3259, 1720, 1633, 1584, 1528, 1344, 1320, 1242, 1145, 1124, 
1065 cm
-1
. HRMS (ESI) calcd for C24H18F3N3NaO5S ([M + Na]
 +
) 540.0817, found 540.0812. 
 
 
3r: (white solid, 28.2 mg, 34%) 
1
H NMR (400 MHz, CDCl3) 0.96 (t, J = 7.2 Hz, 3H) 1.53 (sext, J = 7.2 
Hz, 2H), 2.26-2.31 (m, 2H), 2.45 (s, 3H), 7.26-7.27 (m, 2H), 7.33-7.35 (m, 2H), 7.85-7.87 (m, 2H), 
8.17-8.19 (m, 2H), 8.39-8.41 (m, 2H), 11.83 (brs, 1H). 
13
C NMR (100 MHz, CDCl3) 13.68, 21.14, 21.54, 
35.05, 121.89, 124.24, 126.69, 129.16, 129.62, 137.45, 137.55, 144.17, 150.59, 152.92, 158.53, 162.57. IR 
(ATR) 3251, 2962, 2931, 2866, 1717, 1640, 1586, 1526, 1342, 1283, 1241, 1145, 1071, 983, 849 cm
-1
. 
HRMS (ESI) calcd for C20H21N3NaO5S ([M + Na]
 +







3s: (white solid, 48.2 mg, 53%) 
1
H NMR (400 MHz, CDCl3) 1.16-1.32 (m, 5H), 1.67-1.82 (m, 5H), 
2.20-2.29 (m, 1H), 2.45 (s, 3H), 7.20-7.25(m, 2H), 7.33-7.35 (m, 2H), 7.85-7.87 (m, 2H), 8.16-8.19 (m, 
2H), 8.39-8.41 (m, 2H), 11.84 (brs, 1H). 
13
C NMR (100 MHz, CDCl3) 21.63, 25.65, 25.82, 31.57, 41.41, 
119.70, 124.34, 126.78, 129.22, 129.69, 137.54, 137.66, 144.22, 150.68, 157.95, 159.05, 162.66. IR (ATR) 
3251, 2926, 2852, 1718, 1638, 1588, 1526, 1342, 1283, 1243, 1144, 1071, 985, 850 cm
-1
. HRMS (ESI) 
calcd for C23H25N3NaO5S ([M + Na]
 +







































































































path a :  



















































































1 CuCl 28 4 4 
2 [CuCl(cod)]2 26 3 3 
3 CuBr•SMe2 27 5 7 
4 CuTc 21 8 7 
5 Cu(MeCN)4PF6 29 20 2 
6 CuCl2 18 26 10 
7 CuBr2 14 25 <1 
8 PtCl2 <1 <1 <1 
9 PdCl2(MeCN)2 <1 <1 <1 
aThe reaction of (E)-1a (0.2 mmol) was carried out in the presence of metal catalyst 
(10 mol%) in acetonitrile (0.4 mL) at 120 °C for 24 h. bThe yield was determined by 1H 


























1 MeCN 24 0.5 29 20 2 
2 toluene 24 0.5 33 19 8 
3 PhCl 24 0.5 27 25 3 
4 1,2-DCE 24 0.5 20 20 1 
5 DMF 24 0.5 49 7 2 
6 DMF 36 0.1 54 <1 <1 
7 DMA 48 0.1 54 <1 7 
8 DMSO 36 0.1 60 4 <1 
9 NMP 36 0.1 50 <1 <1 
aThe reaction of (E)-1a (0.2 mmol) was carried out in the presence of Cu(MeCN)4PF6 














entry R1 R2 R4 time (h) 2 yield (%)
b 
1c H Ph H 36 2a 60 
2 H Ph Ph 36 2b 51 
3 H Ph CO2Et 24 2c 60 
4 H p-MeOC6H4 H 48 2d 59 
5d Ph Ph H 48 2e 50 
aThe reaction of (E)-1 (0.2 mmol) was carried out in the presence of Cu(MeCN)4PF6 
(10 mol%) in DMSO (2 mL) at 120 °C. bThe yield was determined by 1H NMR using 
CH2Br2 as an internal standard. 
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